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CHAPTER I 
Introduction 
Research findings associated with the pitching mechanics 
in baseball are of interest to the coach, trainer and pitcher. 
With a greater quantity of information made available through 
research about pitching mechanics, the chance for maximal 
performance and minimal injury increases. 
Jobe (1978}, discussing the throwing mechanics as they 
relate to injury, writes, 
Just as in certain forensic and industrial situations, 
we must understand the body mechanics if we are to be 
able to evaluate the pathology and the treatment. We 
should emphasize the analytical concept as an essential 
aspect of treatment (i.e., all the medication and phys-
ical therapy modalities in the world will not affect 
anything other than temporary symptomatic relief if the 
thrower repeats the same thing again!!) 
A clear understanding of the specific actions involved 
in the pitching mechanics can also help the correction and 
improvement of related injuries. 
Atwater (1970). studied the movement characteristics of 
the overarm throw and recorded initial release velocities of 
110 fps (75 miles per hour) and wrote, 
Perhaps the most astonishing aspect of such a feat of 
skill was that the resultant. velocity of .the ball for 
four (of five skilled male) subjects was less than 20 
ft/sec at a point in time only .075 sec before release. 
Approximately 83 to 91 percent of the ball's eventual 
velocity at release was therefore acquired during the 
brief time interval of 75 msec. 
There have been few studies comparing specific parame-
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ters of body segment actions and their contributions to the 
throw. In addition, few studies have been done on the velo-
cities and accelerations of these segments of the throwing 
arm. An in-depth look at specific parameters of different 
pitches can give the coach, trainer and pitcher added 
knowledge and greater understanding of this complex motor 
skill. 
Cinematographic studies on the throwing mechanics have 
been examined for over 25 years. These studies have given 
clear indications that the fine motor skills involved in 
throwing happen at such great speed, that only with the aid 
of high speed photography can certain parameters be looked 
at in more depth and detail. Lyon (1961) stated: 
Cinematography is a very useful mechanism in the study 
of mechanics of human motion. Films enable researchers 
to record permanently total movement. Much of this 
movement is not seen by the human eye which points out 
the future of cinematographical analysis in improving 
body movement. 
Studies specifically directed to pitching mechanics may 
shed some light on the unknown, and, assuming that the mechan-
ically correct throw will decrease the chance of injury, add 
to the quality and quantity of the throwing performance. 
Sakaris (1978) stated the importance of a proper under-
standing of the throwing mechanics when he said, "A pitcher 
with an understanding of the biomechanics of the techniques 
c~n learn to perform with consistency and success." 
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A study of specific points of reference in the pitching 
motion and an analysis of the kinematic differences that 
occur from one type of pitch to another, add information to 
the' understanding of the total mechanics of the pitching 
motion. 
The Purpose of the Study 
The purpose of the study was to compare fast ball and 
curve ball pitching performances in terms of selected bio-
mechanical components of upper limb motion in college 
baseball pitchers. 
The Statement of the Problem 
The problem of the study was to compare segmental posi-
tions, velocities, and accelerations of the hand, forearm, and 
arm of the fast ball and curve ball at specific points of 
the throwing motion. The selected components as subproblems 
were: 
1. Is there a significant difference between the fast 
ball and curve ball in the angular position of the hand at 
the initial portion of the acceleration phase? 
2. Is tnere a significant difference between the fast 
ball and the curve ball in the angular position of the fore-
arm at the initial portion of the acceleration phase? 
3. Is there a significant difference between the fast 
ball and curve ball in the angular position of the arm at 
the initial portion of the acceleration phase? 
4. Is there a significant difference between the fast 
ball and curve ball in the maximum angular acceleration of 
·the hand during the acceleration phase? 
5. Is there a significant difference between the fast 
ball and curve ball in the maximum angular acceleration of 
the forearm during the acceleration phase? 
6. Is there a significant difference between the fast 
ball and curve ball in the maximum angular acceleration of 
the arm during the acceleration phase? 
7. Is there a significant difference between the fast 
ball and curve ball in the angular position of the hand at 
the point where maximum angular acceleration occurs during 
the acceleration phase? 
8. Is there a significant difference between the fast 
ball and curve ball in the angular position of the forearm 
at the point where maximum angular acceleration occurs 
during the acceleration phase? 
9. Is there a significant difference between the fast 
ball and curve ball in the angular position of the arm at 
the point where maximum angular acceleration occurs during 
the acceleration phase? 
10. Is there a significant difference between the fast 
ball and curve ball in the angular position of the hand at 
the point of release? 
4 
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11. Is there a significant difference between the fast 
ball and curve ball in the angular position of the hand at 
the point of release? 
12. Is there a significant difference between the fast 
ball and curve ball in the angular position of the arm at 
the point of release? 
13. Is there a significant difference between the fast 
ball and curve ball in the angular position of the hand at 
the point of release? 
14. Is there a significant difference between the fast 
ball and curve ball in the angular position of the forearm 
at the point of release? 
15. Is there a significant difference between the fast 
ball and curve ball in the angular velocity of the arm at 
the point of release? 
16. Is there a significant difference between the fast 
ball and curvE;! ball in the height of release of the ball at 
the point of release? 
17. Is there a significant difference between the fast 
ball and curve ball in the projection angle of the ball at 
the point of release? 
18. Is there a significant difference between the fast 
ball and curve ball in the ball velocity at the point of 
release? 
.• 
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Hypotheses 
The study hypotheses for the first fifteen subproblems 
were stated in null form because coaching techniques seek 
uniformity in fast ball and curve ball motions. The study 
hypotheses for subproblems 16, 17, 18, which focus on speci-
fic ball parameters at the point of release, were also stated 
in the null form. However, because the two pitches have 
different desired end results, the acceptance of these null 
hypotheses was not expected. Therefore, the hypotheses were 
stated as follows. 
1. There will be no significant difference between the 
fast ball and curve ball in the angular position of the hand 
at the initial portion of the acceleration phase. 
2. There will be no significant difference between the 
fast ball and curve ball in the angular position of the fore-
arm at the initial portion of the acceleration phase. 
3. There will be no significant difference between the 
fast ball and curve ball in the angular position of the arm 
at the initial portion of the acceleration phase. 
4. There will be no significant difference between the 
fast ball and curve ball in the maximum angular acceleration 
of the hand during the acceleration phase. 
5. There will be no significant difference between the 
. fast ball and curve ball in the maximum angular acceleration 
of the forearm during the acceleration phase. 
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6. There will be no significant difference between the 
fast ball and curve ball in the maximum angular acceleration 
of the arm during the acceleration phase. 
7. There will be no significant difference between the 
fast ball and curve ball on the angular position of the 
hand at the point where maximum angular acceleration occurs 
during the acceleration phase. 
8. There will be no significant difference between the 
fast ball and curve ball in the maximum angular position of 
the forearm at the point where maximum angular acceleration 
occurs during the acceleration phase. 
9. There will be no significant difference between the 
fast ball and curve ball in the maximum angular position of 
the arm at the point where maximum angular acceleration 
occurs during the acceleration phase. 
10 •. There will be no significant difference between 
the fast ball and curve ball in the angular position of the 
hand at the point of release. 
11. There will be no significant difference between the 
fast ball and curve ball in the angular position of the 
forearm at the point of release. 
12. There will be. no significant difference between the 
fast ball and curve ball in the angular position of the arm 
at the point of release. 
13. There will be no significant difference between the 
fast ball and curve ball in the velocity of the hand at 
the point of release. 
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14. There will be no significant difference between the 
fast ball and curve ball in the velocity of the forearm at 
the point of release. 
15. There will be no significant difference between 
the fast ball and curve ball in the velocity of the arm at 
the point of release. 
16. There will be no significant difference between 
the fast ball and curve ball in the height of release of the 
ball at the point of release. 
17. There will be no significant difference between 
the fast ball and curve ball in the projection angle of the 
ball at the point of release. 
18. There will be no significant difference between 
the fast ball and curve ball in the ball velocity at the 
point of release. 
Delimitations of the Study 
The study was delimited in the following manner: 
The initial portion of the acceleration phase, the 
maximum angular accelerations of the hand, forearm and arm 
during that phase, and the point of release, were the speci-
fic points of the motion examined in this study for three 
basic reasons: 
1. The accumulation of the lower body segment momentum 
is the main preparatory movement that leads up to the start 
of the forceful forward movements of the arm, termed the 
initial portion of the acceleration phase. 
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2. The derivation of the maximum angular accelerations 
for each segment during this phase determines the specific 
sequential actions of the body.segments. Atwater (1970) 
described it as, "Each joint or segment in a sequential 
movement should be brought into action at the point when the 
preceding segment is moving at its maximal speed and least 
acceleration." 
3. The point of release involves the sum of the total 
body preparatory movements that impart the force and direction 
upon the pitched ball. 
Three specific ball parameters (subproblems 16, 17, 18) 
were measured at the point of release with the hope that they 
would add information to the accumulation of the segmental 
preparatory movements of the upper limb. Other delimitations 
of the study include the use of eight members of the 1983 
University of the Pacific baseball pitching staff, Division 
I NCAA, as subjects. 
Limitatipn.s of the Study 
This. study .was limited in the following respects: 
1. Seven of the eight. subjects' trials were digitized. 
Subj·e.ct. 5' s film was overexposed and anatomical landmarks 
were. not clearly visible, thus data was thrown out. Subject 
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8 ended with only four fast balls as film processing was cut 
off the end of the film. Subject 7 only recorded four curve . 
balls due to film processing. Subject 2 only had two read-
able fast balls and Subject 6 only had two readable fast 
balls. 
2.. One high speed camera recording the anterior/pos-
terior view was running with a weakly charged battery pack 
and thus the frame rate dropped down to 113 frames per 
second. Adjustments were made in the calculations to com-
pensate. 
Basic Assumptions 
The study was based on these assumptions: 
1. It was assumed that the. subjects gave maximum 
effort on all trials of both pitches. 
2. It was assumed that fatigue was. not a factor be-
cause of the level .of .conditioning and minimal number of 
trials of .each pitch being thrown. 
3. It was assumed thai;: bias was not a factor in this 
study :because of the performance· criteria that was being 
inve·stigated. 
4. It was assumed that weather conditions did not 
affect the performance. 
5~ It was assumed that. segmental angular displacements, 
velocities, and accelerations could be accurately calculated 
from coordinate points obtained from the film record. 
Definition of Terms 
For the purpose of this study, the following terms 
were defined: 
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Ang~lar Position. Angular position was defined as the 
angle of .inclination of the segment as measured by a right 
horizontal reference at the proximal joint axis. 
Angular Velocity. Angular velocity is the rate of 
change of the angular position of .a given body segment 
measured in radians per second. 
Angular Acceleration. Angular acceleration is the rate 
of change of angular velocity measured in radians per second. 
Arm S.egment. Arm segment is the anatomical lever 
gleno-humeral joint axis to the elbow joint axis. 
Fo.rearm Segment. The forearm segment is the anatomical 
lever from the elbow joint axis to the wrist joint axis. 
Hand ·seg1nent. The hand segment is the anatomical lever 
from the wrist joint axis to the distal tip of the middle 
. finger. 
Sta.r.t o.f .the. A.d.o.elera:tion Phase. The start of the 
acceleration phase was defined as the location of the ball 
at its lowest. velocity in the forward direction. This is 
the point on the. velocity curve which determines the angular 
positions of the hand, forearm and arm. 
Maximum .Ang.ular Acceleratio.n .. The maximum angular 
acceleration was defined as the location of the greatest 
amount of acceleration between the initial portion of the 
acceleration phase and the point of release. 
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Point pf Release. The point of release was the point 
which was nearest to the actual release of.the ball from the 
fingers as observed in the film. The frame before the ball 
was shown to be clear of finger contact was the determined 
point of release. 
The variables of the study were defined and abbreviated 
as follows: 
APOSH: Angular position of the hand at start of the 
acceleration phase. 
APOSF: Angular position of the forearm at start of 
the acceleration phase. 
APOSA: Ang.ular position of .the arm at start of the 
acceleration phase. 
ACCH: Maximum angular acceleration of the hand. 
ACCF: Maximum angular acceleration of the forearm. 
ACCA: Maximum angular acceleration of the arm. 
PACH: Angular position of the hand at the point where 
the maximum angular acceleration occurs during the accelera-
tion phase. 
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PACF: Angular position of the forearm at the point where 
the maximum angular acceleration occurs during the accelera-
tion phase. 
PACA: Angular position of .the arm at the point where 
the maximum angular acceleration occurs during the accelera-
tion phase. 
RPOSH: Angular position of the hand at point of release. 
RPOSF: Angular position of the forearm at point of 
release. 
RPOSA: 
RVELH: 
RVELF: 
release. 
Angular position of the arm at point of release. 
Angular velocity of the hand at point of release. 
Angular.velocity of the forearm at point of 
RVELA: Angular velocity of the arm at point of release. 
HTREL: Height of the ball at point of release. 
PANGLE: Projection angle of ball at point of release • 
. BALLVEL: Linear ball velocity at point of release. 
CHAPTER II 
Review of the Literature 
The review of literature revealed many texts and 
articles which described the mechanics of the baseball 
throw, yet studies on pitch comparisons were limited. 
Because of the specific scope of the study, this chapter 
will include: (1) Pitching Mechanics, (2) Cinematographic 
Studies of the Throwing Patter~ (3) Kinematic Variable 
Studies, and (4) Summary. 
Pitching Mechanics 
Sakaris (1977) stated the importance of a proper 
understanding of the pitching mechanics when he said, "A 
pitcher with an understanding of the biomechanics of the 
techniques can learn to perform with consistency and 
success." 
For proper use of the data acquired by a kinematic 
analysis, one should have a basic understanding of pitching 
mechanics. For simplicity in this study, five phases of the 
pitching motion will be looked at individually. They are: 
(1) wind-up phase, {2) cocking phase, (3) acceleration 
phase, (4) release phase, (5) follow through phase. 
Wind~up Phase. Jobe (1978) stated that the wind-up 
phase is the first step in the rhythmic delivery where the 
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pitcher rotates his body away from the target and balances him-
self on his ipsilateral leg. Hay (1978) stated that the motion 
is started by a backwards push of the striding leg as the hand 
is swung upward to a position overhead. This simultaneous 
action is followed by the continuing motion of the striding 
leg as it crosses the rubber and swings upward, bent at the 
knee, forward and across the body. There is an approximate 
90° rotation of the hips and upper body. Bunn (1955) puts 
this phase of the wind-up into perspective. He stated that 
the preliminary motions of the pitcher--winding up and 
stretching--have no relationship whatever to the mechanics of 
throwing. Each pitcher has his own idiosyncracies in these 
aspects of pitching. These movements are used either to 
start a rhythmic motion, to release tension, to loosen clothing, 
or to confuse the batter, or for all these reasons. Stiendler 
(1957) described this phase as follows: 
First, he winds himself up by an axial rotation 
of.the lower extremities and the trunk, a movement 
developed systematically from below upward. The 
upper extremity, held in the meantime in dorsiflexion 
and elevation of the shoulder, flexion in the wrist, 
is ready to go into forward flexion of the shoulder 
and extension of the elbow the instant the rotatory 
momentum from the trurik reaches the shoulder. 
Cocking Phas.e. Hay (1978) indicated that in the cocking 
phase, the pitcher lowers his pitching hand downward and back-
ward and his trunk slightly inclines backward. His hand is then 
brought into a cocked position and the shoulder is brought 
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into extreme external humeral rotation. Bunn (1965) added 
further insight into this phase by adding that as the pitcher 
steps forward, he pivots on his pitching foot, which rotates 
his body toward the batter and permits the arm to draw back 
in readiness for its forward movement. Scott (1963) stated 
that the arm is drawn backward, which brings the arm, palm 
down, past the chest out to the shoulder; then the elbow 
extends until the arm is out in a straight line with the 
shoulders, but the trunk is inclined sideward so that the 
right shoulder is lowered and the arm is inclined downward. 
Acceleration Phase. Torbell (1971) combines the first 
two phases to lead into the acceleration phase. 
During the throw as the shoulder drives forward, the 
humerus begins moving into a close packed position 
of abduction and lateral rotation. When the arm is 
extended to the rear, the forearm moves congruently 
in supination. Flexion at the elbow decreases the 
radius of rotation perhaps aiding in acceleration. 
Thus, the upper arm and forearm seem to wind up for 
the spin drive. 
Jobe (1978) stated that the pitcher shifts his weight for-
ward to his contralateral leg and rotates the trunk sharply 
toward the target, bringing the arm and elbow around the 
trunk, elevating the elbow and keeping the arm 90° or more 
in relation to the trunk. This keeps the elbow as extended 
as possible to decrease stress on the elbow. With the elbow 
kept high, the arm is broughttlrough in rhythmic manner to 
keep the elbow as extended as possible, increasing shoulder 
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flexion at the end phase. 
Weiskoff (1976) stated that as the pitcher's arm starts 
forward, the wrist should bend back, then the elbow comes 
through, followed by the forward action of the arm and 
wrist .. The pitcher should be sure that his elbow is not 
below his shoulder and that it precedes his wrist as it 
comes past his shoulder joint. 
Release Phase. Bunn (1955) described a transition into 
the release phase. He stated that as the upper arm 
approaches a position straight out from the shoulder, the 
forearm starts to extend, quickly followed by the snap of 
the wrist as the ball is released. These two movements are 
exceedingly fast and are accompanied by a bending forward at 
the waist. Cooper and Glassow (1972) added that there is 
extension of the arm just at release, thus giving both the 
advantage of a long axis for medial shoulder rotation before 
release. Steindler (1955) stated that as the shoulder is 
brought forcibly forward, the elbow is extended, then the 
wrist is extended and the missile is delivered, Hay (1978) 
added that from this position the forearm is whipped_ forward, 
or snapped explosively, and the ball is released. Bunn 
(19·55) stated that a study of motion .pictures shows the ball 
leaves the hand just after the upper arm passes the vertical. 
The ball leaves the hand at a point about on a line with the 
bill of the pitcher's cap. Jobe (1978) stated that the 
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release of the ball is usually at a high level of the arc 
over the thrower's ear. 
Follow-Through Phase. Jobe (1978) described the follow-
through phase as a controlled deceleration maneuver of the 
whole body and should also be rhythmic and smooth. 
Tallos (1972) added that in the follow-through phase 
the ball is directed; and early release produces a high 
pitch, and a late release causes the ball to hit the ground. 
In addition, there is a pronation of the forearm. Hay (1978) 
stated: 
This phase is valuable in the respect of allowing the 
pitcher to bring his various angular motions to a halt 
over a relatively large distance. Without this phase, 
the internal muscular and ligamentous forces would be 
too great for the arm to bear repeatedly, and injuries 
would result. 
Bunn (1955). stated that the follow-through adds nothing 
to the throw. After the ball leaves the hand only air 
resistance and the force of gravity have any effect upon it. 
The follow-through is carried out for two reasons. One, a 
body in motion tends to remain in motion and the momentum of 
the throw tends to carry the body with it. It would cause 
considerable strain and probably injure the pitcher's arm if 
he stopped the instant the ball left his hand. The follow-
through also has a practical valu~ in that it places the 
pitcher in position to field the ball should it be hit back 
at him. 
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Cinematographic Studies 
Cinematographic analysis in biomechanics has provided 
quantitative methodology that has been used frequently in 
the past 25 years to define and describe many sport patterns. 
Sanders (1977) stated that since the 1960's, kinesiologists 
and biomechanists have used high speed cinematography to 
help them acquire a better understanding of throwing 
patterns. 
Kinematic analysis from photography has added much 
insight to sport performance patterns as well as athletic 
injuries. "Kinematic analyses are important in under-
standing the mechanisms of athletic iniuries 11 (Rasch and 
Burke, 1977). The focus of this study with regard to cine-
matography is described by Quandt (1964) when he stated that: 
"Cinematography is an invaluable aid to research involvinq 
mechanics of human motion. Films provide permanent records 
of complex skills for analysis." 
There have been very few studies relating to the 
photographic analysis of baseball pitching. However, there 
have been other sports which have used this method of ana-
lyzing movement. Verrvey (1957) gave evidence to the value 
of cinematography in his study of the softball pitch: 
Even the most proficient experts miss some of the more 
rapid movements that take place during certain sports 
events ..• some methods must be employed that will cap-
ture the whole move and show.critical analysis after-
wards. It has been brought to light in recent years. 
that motion picture photography is ideal for such a 
purpose. 
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Lyon (1961) analyzed the overhand baseball throw, and 
drew this conclusion: 
Cinematography is a very useful mechanism in the study 
of mechanics of human motion. Films enable researchers 
to record permanently total movement. Much of this 
movement is not seen by the human eye which points out 
the future use of.cinematographical analysis in 
improving body movement. 
Plagenhoff (1977) emphasized the use of cinematography 
and kinematic analysis when he stated: "Although illustra-
tions may be compared visually, only a force and movement 
analysis and a comparison of the relative angular velocities 
and acceleration of each body segment can clearly point out 
the difference in throws." 
Kinem.atic Variab.le. St.udies 
The cinematography used in throwing patterns has 
studied a variety of selected kinematic. variables with 
inconsistent use of cameras, and selected kinematic vari-
ables that relate to optimal performance. Since velocity 
is one of the most desired objectives fqr a pitcher, this 
parameter is often analyzed in the literature. The seg-
mental components of the wrist, elbow and shoulder and their 
respective angular velocities give further insight into this 
.problematical study area. 
Collins (1960) conducted a. study of the body mechanics 
of the overarm and sidearm throw through the use of cinema-
tography. She used two cameras for the filming, one at the 
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side and one in front of the subject. Through the analysis 
of film of the throws, it was established that the four main 
action joints were first the wrist, then the hip, spine and 
shoulder. She stated that the wrist flexion supplied, by 
far, the greatest amount of velocity in the overarm throw. 
She recorded angular velocities of 8192.09 and 8475.58 
degrees per second for the wrist, and 1280 and 1560 degrees 
for the shoulder. 
Quandt (1964), in comparing the palm ball and fast ball 
of professional pitcher Warren Spahn, used three cameras to 
film Spahn warming up before a game, and used negative film 
to make pictures used for analysis. He concluded that the 
pattern of joint actions of both the fast ball and the palm 
ball deliveries were identical with the exception of the 
wrist flexion. The wrist flexion of the palm ball was 
approximately one-half of the wrist flexion of the fast ball 
delivery. He analyzed four frames around the point of 
release of the fast ball and palm ball to determine degree 
of wrist movement. He reported the fast ball wrist movement 
changing from 124 degrees to 180 degrees for a distance 
total of 56 degrees, and the palm ball wrist movement changing 
from 157 degrees to 186 degrees for a total of 29 degrees. 
This limitation he attributed to the grip position of the 
palm ball in the hand. 
Sakaris (1979), in comparing,overhand and sidearm 
·' 
pitching patterns, used three cameras positioned to film 
three different planes of action. He concluded that there 
were minimal differences of the takeoff velocity at the 
point of release of the overhand and sidearm fast ball. 
The average velocity for the overhand fast ball was 121.6 
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FPS and 121.8 FPS for the sidearm fast ball. The significant 
difference was 3.8 with at-distribution of 0.17. There was 
no significant difference between the velocity of the two 
types of pitches (.05 sig. level). 
Selin (1959) reported velocities for the fast ball and 
curve ball of 14 Big Ten Conference pitchers. Fast ball 
velocities ranged from 87.5 to 121 FPS and curve ball velo-
cities ranged from 74 to 111 FPS with a mean of 91 FPS. 
He also reported that there was no decrease or change in 
the velocity from the point of•release to the plate. 
Slater-Hammel and Andres (1952) recorded fast ball and 
curve ball velocities of six college pitchers. Fast ball 
velocities ranged from 95 to 119 FPS and curve ball velo-
cities ranged from 80 to 104 FPS. 
Cooper and Glassow (1968), in their analysis of the 
throwing patterns, summed linear velocity components for hip, 
spinal and shoulder rotations, elbow and wrist flexions. They 
reported the ball velocity at 130.9 FPS. They found that the 
wrist action is the greatest contributor to the linear velo-
city of the ball, with the hip second, spinal rotation third, 
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and the shoulder last. 
Scott (1963) stated that for very good throwers, velo-
cities have been estimated as high as 140 FPS. He st'ated 
another source, Kenny (1938), who studied the velocity of 
balls covering 60.5 feet and recorded a fast ball velocity 
of 124 FPS. 
Summary 
A proper understanding of the mechanics is very impor-
tant. The five phases described were: wind-up, cocking, 
acceleration, release point, and follow-through. 
Cinematography is a valuable tool for the examination 
of kinematic parameters of the baseball throw. Various 
I 
studies have given insight to several variables of the 
kinematics of the pitching pattern. Many different 
methodologies have been used that cover a large area of data. 
CHAPTER III 
Research Methodology 
The purpose of the study was to compare fast ball and 
curve ball pitching performances in terms of selected bio-
mechanical components of upper limb motion. 
Subjects 
The subjects of the study were eight volunteers from 
thel983 University of the Pacific baseball pitching staff. 
Variables 
The variables derived for the conditions of fast ball 
and curve ball were as follows: 
Segmental positions at start of acceleration phase: 
APOS hand (degrees) = APOSH 
APOS forearm = APOSF 
APOS arm = APOSA 
Maximum segmental angular acceleration: 
ACC hand (rad/sec2 ) = ACCH 
ACC forearm = ACCF 
ACC arm = ACCA 
Segmental positions at point where the maximum angular 
acceler~tion occurs during the acceleratiori phase: 
PAC hand (degrees) = PACH 
PAC forearm = PACF 
PAC arm = PACA 
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Segmental positions at point of release: 
RPOS hand (degrees) = RPOSH 
RPOS forearm = RPOSF 
RPOS arm = RPOSA 
Segmental angular velocities at point of release: 
RVEL hand (rad/sec) = RVELH 
RVEL forearm = RVELF 
RVEL arm = RVELA 
Specific ball parameters: 
HTREL = height of ball at point of release 
PANGLE = projection angle of ball at point of release 
BALLVEL = linear ball velocity at point of release 
Data Collection. 
The raw data for the study were acquired by means of 
ten filmed trials for each subject. The equipment and 
personnel were: 
Equipment. The following equipment was used in the 
filming of the trials: 
1. Two high speed Photosonics Actionmaster 500 cine-
cameras were used to record the lateral and 
anterior/posterio~. view. They were set up at 
Billy Herbert Field, on stationary tripods with 
the lenses five and one-half feet above the sur-
face. One camera was positioned 70 feet directly 
posterior to the mound. The other camera was 
pos~tioned at a direct right angle, 70 feet from 
the pitching .rubber, on the main pitching mourid. 
The lateral vi·ew camera was never moved, but the 
anterior/posterior· camera was switched from the 
first base sid~ for the left-handed subject, to 
the third base side for the right-handed subject. 
This allowed the frontal plane of the subject to 
directly face the camera. The cameras' zoom 
lenses were set on 65riun focal length, the focus 
set on infinity, the f~stops were set on f6, and 
the. variable shutters were set on 70 degrees. 
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The cameras were loaded with TriX film in 400 foot 
magazines. 
2~ . Verticle and horizdntal reference axes were filmed 
on the mound prior to the trials in both. viewing 
planes for subsequent determination of linear 
displacements. 
3. A modified Walton timing device, traveling at. sixty-
eight revolutions per mintite, was s~t up near the 
mound and in clear view of both cameras. Reference 
poles were set up 90° apart to assist in the deter-
mination of accurate film travel speed and £ilm 
synchronization. Frame rate was determin~d in the 
following manner: the cylindrical timing device 
was inarked with fifty equal divi'sions visible by. 
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both cameras; therefore,. at a rate of sixty-eight 
revolutions per minute (1.13 rev/sec),. 56.7 divi-
sions revolved past a static· reference point each 
second. The number of frames it took for this to 
occur was counted; this equalled the frame rate in 
frames per second (Blievernicht, 1967). 
4. A subject number board, which was placed on the 
mound, was recorded by both cameras. 
5. The subjects were prepared with easily id~ntifiable 
landmarks, applied to each of the subject's 
shoulder, elbow, and wrist, at each joint's axis. 
Eye black was the oil~based material used to 
accomplish the marking. 
Personnel. The following were used to assist in the 
filming of the trials. 
1. Recorder for pitch sequence and trial number. 
2. Two camera operators. 
3. Subject number board operator. 
4. Two catchers, one for warmup and one for onfield 
catching. 
Equipment and personnel were positioned in a manner by 
which relatively precise recordin·g.s could be made of the 
trials. (Figure 1) 
The subject reported to the filming site at a pre-
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arranged time. All left-handed. subjects. were filmed first 
fqr convenience and maximal li.ghting. The. subject was 
allowed to warmup on the. side to prepare himself for the 
trials. The anatomical markings· were applied before warmup 
to allow the subject to become familiar with them. Upon 
arrival to the main mourid, he was briefed of the filming 
procedure and allowed to throw as many pitches as needed 
for warmup. When the subject declared that he was ready. 
to begin the trials, the camera operators received the verbal 
signal "start 11 to begin filming. Once the cameras began 
filming, the. subject was told to throw the pitch, by the 
. verbal command "go. " The pitch was then thrown. When the 
subject was ready to continue, a new trial began. 
·Half of the subjects were instructed to throw five fast 
ball trials first, followed by five curve ball trials. The 
other half were instructed to throw five curve ball trials 
first, followed by .five fast ball trials. After the first 
five trials were completed the subject was allowed to warmup 
the other pitch. Five trials of the. second pitch were then 
filmed in an identical manner. All of the filming was done 
on the same day •. 
The film records were spliced together with the anter-
ior/posterior view of a trial first, followed by the lateral 
. view.of the. same trial. Coordinate points of the center of 
the ball in the. hand, wrist, elbow, shoulder, and sacrum were 
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obtained using the LOBOL V analysis systems. X and Y coor-
dinates were collected at each frame, covering the start 
of the acceleration phase and the point of release. The 
following list of information was recorded. 
1. Subject, pitch, trial number and viewing position. 
2. Frame number that the view starts. 
3. The amount of frames between two consecutive num-
bers as seen on the timing device, that contain 
within them the points of concern: the start of 
the acceleration phase, and the release point. 
4. The amount of frames between the numbers on the 
timing device for determination of speed of film, 
in frames per second. 
5. The number of that frame in which the start of 
acceleration phase was seen. 
6. The number seen on the timing device in that 
frame (#5). 
7. The number of frames from that start of acceleration 
phase frame to release point, and the frame number 
at that point. 
8. The number on the timing device where the ball 
release occurred. 
The anterior/posterior view was recorded first because it 
allowed a clear distinction of the point of release. 
To accommodate for subsequent data reduction and analysis 
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techniques, three frames before the. start of the acceleration 
phase, and seven frames beyond the point of release, were 
digitized. Implement data on the ball were recorded next, 
inclusive of _the flight of the ball for five frames, starting 
at the point of release. The frame in which ball release 
occurred was found by notation of which frame showed the 
same marking on the timing device as was noted in the anter-
io~/posterior view. The point of origin was derived by 
locating a specific point on the reference poles in both 
the anterior/posterior and lateral. views. This was the same 
real point in space for both views. 
The points collected are illustrated in Figure 2 for 
the anterior/posterior view, and Figure 3 for the lateral 
views. 
Three trials were randomly selected by the reader and 
reread to test for intra-r~ader reliability. 
Analys_is of .. the Data 
A ·Northstar Horizon computer and software developed by 
Boelter (1982) wer~ used for the following calculations: 
1. Angular positions, at the start of the acceleration 
phase and at the point of release, were determined 
by the angle of inclination measured by a right 
horizontal reference at the proximal joint axis 
of the hand, forearm, and arm. (Figures 4 and: 5) 
2. Angular. velocities at the point of release of the 
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hand, forearm, and arm. These. velocities were cal-
culated as the first time derivatives of smoothed 
position data (Winter, 1979):. 
3. Maximum angular accelerations, during the accelera-
tion phase, of the hand, forearm and arm. These 
accelerations were calculated as the second time 
derivat.i.ve·s of .smoothed position data (Winter, 1979). 
4. The kinematics of the ball measured at and subse-
quent to release point. 
A. Height of release as measured relative to the 
ground directly below. 
B. Projection angle calculated as the angle of 
inclination of the ball from a right horizontal 
reference, from release to the fifth frame. 
C. Velocity calculated as the linear displacement 
of the ball from the release to the fifth frame 
divided by the time lapsed. 
5. The raw coordinate data were processed with a low 
pass digital filter with a cut-off ratio of 4.0, 
resulting in smoothed position data. 
6. Two dimensional analysis of the data was performed 
from the ·lateral camera which· gave an anterior/pos-
terior. view. This gave· the required positional 
data on an X and Y plane; 
7. Computer files were prepared from the smoothed data 
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for the angular positioris. The ·data were processed 
urider the subprograms of .the Statistical Pack~ge 
for the Social Scierices (SP.SS) . An: Analysis of 
Variance (ANOVA) design was used: a 2 by .S 
(pitches) factorial with two independent variables 
design. Since SPSS ANOVA is not designed to accom-
modate repeated measure designs, the within pitches 
error terms were calculated with a basic program 
using the ErrRetleob microcomputer software 
(Boelter, 1983)'. The Analysis of Variance test 
was performed with two estimated scores, 
275 and 185, respectively. 
CHAPTER IV 
Results and Discussion 
The purpose of this study was to compare fast ball and 
curve ball pitching performances in terms of selected bio-
mechanical components of upper limb motion in male college 
baseball pitchers. 
Eight subjects were filmed performing five trials of 
fast balls and curve balls. Comparisons were made of seg-
mental positions, velocities and accelerations of the hand, 
forearm and arm at specific points of the throwing motion. 
Three ball parameters: height of release, projection angle, 
and linear ball velocity, were also compared for the fast 
ball and curve ball. 
Reliability 
Three trials, two fast ball and one curve ball were 
picked at random and tested for intra-reader reliabilit~. 
Trials 111, 231, and 171 were randomly drawn from a hat 
and reread on the LOBOL analysis system according to pre-
vious procedure. A data file was composed and test retest 
reliability coefficients (Pearson r) were determined by 
means of the PEARSON CORR subprogram of the SPSS (Statis-
tical Package for the Social Sciences). The results are 
listed on Table 1. The resultant reliability coefficient 
for the overall derived measures was r = .94. For the seg-
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TABLE 1 
RELIABILITY TEST-RETEST COEFFICIENTS 
FOR THREE TRIALS 
Combined Trials 
Across All Inde-
pendent Variables 
111 
231 
171 
APOS 
RPOS 
PAC 
ACC 
RVEL 
Pearson 
r 
.94 
.99 
.99 
.98 
.97 
.99 
± 
± 
Standard Error 
of Estimate 
6.162° 
3.346° 
±19.197° 
±13.51 RAD/SEC/SEC 
± 4.65 RAD/SEC 
---
=-=--==---=----
-----
mental positions at the. start·of the acceleration phase 
(APOS), r = .99. For the segmental positions at release 
point (RPOS), r = .99. For the position at the maximum 
acceleration (PAC) for each segment,. r = .98. For the 
maximum acceleration for each. segment (ACC), r = .97; 
and for segmental. velocities at release (RVEL), r = .99. 
Also listed on Table 1 is the Standard Error of Estimate 
for each coefficient. 
40 
At the position of the start of the acceleration phase, 
the three segmental values were tested for reliability. 
A coefficient of .99 was derived. In like manner the re-
lease positions and positions of maximum acceleration of 
the segments across the three trials were tested and yielded 
similar results: .99 and .98 coefficients respectively. 
Maximum segmental accelerations across the three trials 
were fourid to be slightly less reliable with a coefficient 
of .97. Test of segmental release velocities yielded a 
coefficient of .99. 
The position data reliability was more stable because 
of the nature of position data, which require less reader 
. judgment. This was to be expected. The acceleration data. 
were expected to be less stable, becau~e by natuie th~y are 
subject to more reader judgments and because they are a second 
time derivative·. 
Listed for the puipose of this study are the range, 
mean, and standard deviation of ea.ch .. variable for the fast 
ball (Table 2 ). , curve ball (Table 3) , and combined trials 
of the fast ball and cuive ball (Table 4). 
. . 
Rel.ati.onship .of. Me.a.s:ur.e.s: 
An intercorrelation matrix which .displayed the corre-
lations between all the independent. variables was obtained 
through the subprogram PEARSON CORR of SPSS. Three data 
sets were so examined: one across .the 25 fast ball trials 
(Table 5), one across the 25 curve ball trials (Table 6), 
and one across the combined trials of the fast ball and 
curve ball (Table 7). 
Any two individual variables with a correlation co-
efficient equal to or greater than± .70 were plotted for 
further examination. Thirteen such. variables existed. 
The correlation coefficients for the. variables APOSH 
with APOSA were -.82 across all trials, -.86 across the 25 
fast ball trials and -.a2 across the 25 curve ball trials. 
The correlation coefficients for the. variables APOSF with 
APOSA. were -.80 across all trials, -.77 across the 25 fast 
ball trials and -.84 across the 25 cuive ball trials. 
Both APOSH and APOSF have the. same type of relationship 
with APOSA, which indicated that less inclined hand and 
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forearm segments were apparently related to a greater 
inclination of the arm segment (Figuie 6)'.. The correlation 
coefficients for the variables PACF with APOSA were -.76. 
• 
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TABLE 2 
DESCRIPTIVE STATISTICS FOR FAST BALL 
N 25 
---
Variable Range Mean SD 
APOSH (Deg) 86.00 - 275.00 162.28 ± 65.12 
APOSF (Deg) 110.00 - 221.00 142.60 ± 33.10 
APOSA (Deg) 87.00 - 201.00 160.92 ± 35.78 
ACCH (Rad/Sec2 ) 4,372.00 - 15,483.00 9.289.96 ± 3,854.40 
ACCF (Rad/Sec2 ) 3, 321.00 - 16,190.00 8,543.48 :t 3,586.58 
ACCA (Rad/Sec 2 ) 359.00 - 69,712.00 23,470.80 ± 21,939.93 
PACH (De g) 105.00 - 164.00 145.52 ± 17.53 
PACF (De g) 98.00 - 170.00 129.52 ± 19.33 
PACA (Deg) 4.00 - 209.00 122.08 ± 59.00 
RPOSH (Deg) 70.00 - 112.00 84.72 ± 13.13 
RPOSF (Deg) 37.00 - 96.00 63.32 ± 15.36 
RPOSA (Deg) 
-6.00 - 40.00 17.12 ± 13.89 
RVELH (Rad/Sec) 70.00 - 108.00 88.20 ± 12.77 
RVELF (Rad/Sec) 48.00 - 86.00 65.12 ± 13.65 
RVELA (Rad/Sec) 
-9.00 - 6.00 -1.12 :1: 4.33 
HTREL (Ft) 3.88 - 5.55 4.76 ± 0.60 
PANGLE (Deg) -2.80 - 4.10 0.67 :1: 1.62 
BALL VEL (Ft/Sec) 103.64 - 134.54 114.35 :1: 8.56 
\. 
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TABLE 3 
DESCRIPTIVE STATISTICS FOR CURVE BALL 
---
N 25 
---
Variable Range Mean so 
APOSH (Deg) 14.00 - 280.00 147.92 ± 82.50 
APOSF (Deg) 118.00 - 198.00 144.24 ± 26.90 
APOSA (Deg) 97.00 - 190.00 158.20 ± 31.50 
ACCH (Rad/Sec 2 ) 3,970.00 - 14,708.00 7,636.84 ± 2,998.42 
ACCF (Rad/Sec2 ) 3,444.00 - 9,947.00 5,937.20 ± 1,951.36 ---
ACCA (Rad/Sec 2 ) 437.00 - 29,973.00 12,238.00 ± 8,264.30 
PACH (Deg) 102.00 - 173.00 139.12 ± 20.00 
PACF (Deg) 112.00 - 176.00 137.36 ± 16.34 
=~ 
PACA (Degl 35.00 - 171.00 128.36 ± 30.25 
RPOSH (Deg) 81.00 - 133.00 102.20 ± 13.28 
RPOSF (Deg) 62.00 - 95.00 78.80 ± 9.49 
RPOSA (Deg) -4.00 - 40.00 23.96 ± 9.62 
RVELH (Rad/Sec) 62.00 
-
106.00 79.84 ± 13.35 
RVELF (Rad/Sec) 45.00 - 74.00 58.36 ± 9.09 
RVELA (Rad/Sec) -6.00 - 25.00 4.68 ± 7.18 
HTREL (Ft) 4.08 - 6.07 5.03 ± o. 72 
PANGLE (Deg) -7.00 - 8.40 0.45 ± 4.11 
BALL VEL (Ft/Sec) 80.62 - 114.24 93.07 ± 9.25 
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TABLE 4 
DESCRIPTIVE STATISTICS FOR COMBINED TRIALS, 
FAST BALL AND CURVE BALL 
N 50 
Variable Range Mean __ SD 
APOSH (Deg) 14.00 - 280.00 155.10 ± 73.92 
APOSF (Deg) 110.00 - 221.00 143.42 ± 29.87 
APOSA (Deg) 87.00 - 201.00 159.56 ± 33.39 
ACCH (Rad/Sec21 3,970.00 15,483.00 8,463.40 ± 3,518.13 
ACCF (Rad/Sec 2 ) 3,321.00- 16,190.00 7,240.30 ± 3,146.17 
ACCA (Rad/Sec21 359·. 00 - 69,712.00 17,904.40 ± 17,377.99 
PACH (De g) 102.00 - 173.00 142.32 ± 18.89 
PACF (Deg) 98.00 - 170.00 133.44 ± 18.15 
PACA (Deg} 4.00 - 209.00 125.22 ± 46.51 --~ 
RPOSH (Deg) 70.00 - 133.00 93.46 ± 15.77 
RPOSF (Deg) 37.00 - 96.00 71.06 ± 14.86 
RPOSA (Deg) -6.00 - 40.00 20.54 ± 12.32 
RVELH (Rad/Sec) '62.00- 108.00 84.02 ± 13.60 
RVELF (Rad/Secl 45.00 - 86.00 '61.74 ± 11.97 
RVELA (Rad/Sec) -9.00 - 25.00 l. 78 :t 6.56 
HTREL (Ftl 3.88 - 6.07 4.90 ± 0.67 
PANGLE (De g) 1.00 - 16.40 0.56 ± 3.09 
BALL VEL (Ft/Sec} 80.62 - 134.54 103.71 ± 13.90 
TABLE 5 
INTERCORRELATION OF ALL INDEPENDENT VARIABLES FAST BALL 
APOS APOS APOS ACC ACC ACC PAC PAC PAC RPOS RPOS RPOS RVEL RVEL RVEL HT PAN BAL 
H. F. A. H. F. A. H. F. A. H. F. A. H. F. A. REL GLE VEL 
APOO-H +.86 -.86 -.76 -.46 -.72 +.28 +.46 -.02 +.22 +.69 -.22 -.62 -.47 +.58 +.36 +.44 -.43 
APOO-F -.77 -.63 -.48 -.58 +.28 +.32 +.01 +.18 +.57 -.20 -.47 -.37 +.59 +.28 +.37 -.38 
APOO-A +.78 +.24 +.74 -.21 -.78 +.03 -.0~ -.47 +.23 +.60 +.55 -.44 -.49 -.65 +.28 
.1\a:-H +.56 +.71 -.12 -.55 +.30 -.30 -.48 +.16 +.70 +.87 -.27 -.79 -.61 -.09 
.1\a:-F +. 37 +.19 +.16 -.07 -.46 -.66 +.10 +.65 +.58 -.42 -.42 -.30 -.07 
.1\a:-A -.28 -.52 +. 00 -.02 -.48 +.20 +.54 +.48 -.56 -.33 -.49 +.36 
PAC-H +.02 -.10 -.19 -.05 +.26 +.05 +.17 +.09 -.18 -.10 -.52 
PAC-F +.04 -.06 +.13 -.12 -.40 -.48 +.10 +.51 +.55 +.04 
PAC-A -.22 +.08 -.05 +.30 +.40 +.29 -.34 -.29 -.17 
RPOS-H +.71 +.19 -.47 -.33 -.15 +.27 +. 27 +.14 
, 
RPa>-F +.04 -.54 -.33 +.46 +.20 +.31 -.29 
RPa>-A +.11 +.12 -.44 -.08 -.28 +.01 
RI/ElrH +.91 -.20 -.86 -.52 -.28 
RI/ElrF -.04 -.94 -.59 -.42 
RllEL-A -.09 +.12 -.49 
HI'-REL +.48 +.60 
. P.!I:GE +.05 
~ 
BALVEL U1 
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TABLE 6 
INTERCORRELATION OF ALL INDEPENDENT VARIABLES CURVE BALL 
APOS APOS APOS ACC ACC ACC PAC PAC PAC RPOS RPOS RPOS RVEL RVEL RVEL HT PP.N BAL 
H. F. A. H. F. A. H. F. A. H. F. A. H. F. A. REL GLE VEL 
APOS-H +.88 ·-. 82 -.34 -.16 -.75 +.49 +.68 -.58 -.27 -.00 -.20 +.02 -.05 +.09 
-.16 -.19 -.79 
APC6-F -.84 -.80 -.36 -.74 +.56 +.53 -.55 +.00 +.31 -.12 -.27 -.26 -.04 +.01 -.30 -.61 
APeS-A +.58 +.19 +.89 -.42 -. 75 +.64 -r.06 -.05 +.09 +.30 +.46 +.03 -.30 -.07 +.48 
.ACC-H +.54 +.56 -.45 -.31 +.17 -.40 -.31 +.42 +.80 +.76 +.57 -.66 -.23 -.14 
' 
.ACC-F +.31 -.27 -.01 -.07 -.29 -.40 +.20 +.57 +.51 +.22 -.27 +.10 +.06 
.ACC-A -.36 -.64 +.53 +.07 -.01 +.14 +.34 +.46 -.01 -.28 -.07 +.48 
PAC-H +.29 -.13 -.03 +._21 -.25 -.27 -.19 -.09 +.03 -.17 -.32 
PAC-F 
-.41 -.00 +.00 +.11 -.13 -.39 +.07 +.23 +.18 -.42 
PAC-A +.22 -.04 -.22 -.08 +.04 -.00 +.08 +.16 +.45 
RPOS-H +.74 +.21 -.70 -.48 +.OS +.39 -.00 +.42 
RPOS-F ~ +.26 -.52 -.24 +.18 +.02 -.41 +.04 •,,, 
RPOS-A +.17 +.10 +.57 -.18 -.06 -.03 
RVErr-H +.80 +.27 -.73 -.23 -.39 
R\.'EL-F +.41 -.91 -.52 -.39 
RVErr-A 
-.48 -.38 -.44 
HI'-REL +.73 +.64 
PAN::iLE +.58 
""" Bl>.LVEL 0'\ 
II 
I I 
APOS APOS APOS ACC 
H. F. A. H. 
-
APOS-H +.84 -.82 -.50 
APOS-F -.80 -.61 
APOS-A +.69 
ACC-H 
ACC-F 
ACC-A 
PAC-H 
PAC-F 
PAC-A 
RPOS-H 
RPC6-F 
RPOS-A 
RVEL-H 
Rli:EL-F 
RVEL-A 
~REL 
PANGLE 
BALVEL 
TABLE 7 
INTERCORRELATION OF ALL INDEPENDENT VARIABLES 
COMBINED TRIALS, FAST BALL AND CURVE BALL 
ACC ACC PAC PAC PAC R?OS RPOS RPOS RVEL 
F. A. H. F. A. H. F. A. H. 
-.24 -.56 +.41 +.52 -.22 -.10 +.25 -.12 -.20 
-.40 -.56 +.40 +.40 -.15 +.09 +.42 -.17 -.36 
-.22 +.70 -.30 -.76 +.21 -.04 -.29 +.18 +.44 
+.58 +.67 -.22 -.48 -.23 -.40 -.47 +.26 +.85 
+.45 +.08 +.00 +.01 -.52 -.68 +.16 +.64 
-.19 -.55 +.06 -.18 -.48 +.21 +.49 
+.11 -.11 -.18 -.04 +.07 -.06 
-.08 +.09 -.18 -.07 -.32 
-.02 +.08 -.09 +.13 
+.79 +.09 -.64 
+.02 -.58 
+.16 
II 
RVEL RVEL HT PAN B!>_: 
F. A. REL GLE VII. 
-.22 +.17 -.02 -.03 -.32 
-.32 +. 20 +.14 -.07 +. 33 
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across all trials, -.J8 across the 25'fast ball trials, and 
-.75 ·across the 25 curve ball trials. Greater adduction of 
the arm segment at the start of the acceleration phase 
appeared to be related to a less inclined forearm segment 
angle at the point of maximU!n acceleration. 
The initial position of the arm segment (APOSA) was 
inversely related to the angular positions of _APOSH (-.84), 
APOSF (-.80)., and PACF (...;.76). This may have indicated 
that when the segmental positions at the start of the 
acceleration phase were less inclined, the arm had dropped, 
or become more adducted. 
The correlation coefficients for the. variables APOSH 
with. APOSF were +.84 across all trials, +.86 across the 25 
fast. ball trials, and +.88 across the 25 curve ball trials. 
The correlation coefficients for the.variables RPOSH with 
RPOSF were +.79 across all trials, +.71 across the 25 fast 
ball trials, and +.74 across the 25 curve ball trials. 
The correlation coefficients for the. variables RVELH with 
RVELF were +.86 across all trials, +.91 across the 25 fast 
ball trials and +.80 across the 25 curve ball trials. 
It appeared that the hand and forearm were closely . 
related at two specific points: the start of the accelera-
tion phase and the release point, inclusive of the. segmental 
. velocities at that point. This is: supported when one · 
considers .the magnitude of _the correlation coefficients: 
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AP.OSH wi.th APOSF, ( +. 8 4) , RPOSH .with RPOSF ( +. 7 9) , and RVELH 
with RVELF, (+.86). The correlations for the. variables HTREL 
with ACCH .were -.72 across all trials, - •. 66 across the 25 
fast ball trials, and - . .79 across the 25 curve ball trials. 
It appeared that as the hand's: maximum acceleration increased, 
the height of release was lower. 
The correlation coefficients for the variables HTREL 
with RVELH were -.79 across all .trials, - • .86 across the 25 
fast ball trials, and -.73 :across the 25 curve ball trials. 
It appeared the lower the height of release, the greater the 
velocity of the hand at release. The coefficients for the 
variables HTREL with RVELF were -.89 across all trials, -.94 
across the 25 fast ball trials, and -.91 across the 25 curve 
ball trials. There was an inverse relationship between 
HTREL and the. variables ACCH (-.7.2), RVELH (-.79), and 
RVELF (-.89). This may have indicated that the lower the 
release point, the greater the velocity of the hand and 
forearm at release, and greater the maximum acceleration 
of the hand. 
The coefficients for the variables ACCH with RVELH 
were +.85 ·across all trials, +.90 across the 25 fast ball 
trials, and+. 80 .across the 25 curve ball trials, and ACCH 
with RVELF were +.84 across all trials, +.87 across the 25 · 
fast ball trials, and +.76 across the 25 curve ball trials. 
It appeared. that maximum acceleration of the. hand and release 
.velocity :of the hand and forearm were strongly related. 
The variable ACCH appeared to be related to RVELH (+.85), 
arid RVELF (+.84); this indicated that a greater hand 
acceleration may have produced a greater velocity with 
the hand and forearm at the release point. 
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The correlations for APOSA with ACCA were +.70 across 
all trials, +.74 across the 25 fast ball trials, and +.89 
across the 25 cuive ball trials. This relationship possibly 
indicated that when the arm adducted more, it had a greater 
distance through which to move before release. This 
greater distance may have caused the acceleration of the 
arm to be greater. 
Analysis of Variance (Table 8) was used for comparison 
of the fast ball and cuive ball. Significant differences 
were apparent between the two pitches when the following 
measures were compared: ACCF (F = 10. 6 8, p ( . 0 5) , RPOSH 
(F = 27.35, p ( .05), RPOSF (F = 10.68t p < .05), and 
BALLVEL (F = 188.88, p < .05). 
Comparison of the measures RPOSH (F = 27.35, p < . 05) 
and RPOSF (F = 10.68, p < .05) indicated the pitches were 
significantly different (.05 level), in that the curve ball 
release position was fuither back (more inclined) than the 
fast ball (Figuie 7). In preparation to impart spin with 
the curve ball, ulnar flexion of the wrist takes place along 
with flexion before release, therefore c~using the release 
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FIGURE.? 
COMPARISON OF HAND ANO FOREARM SEGMENT 
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point to be. sooner than the fast ball which only has flexion 
of the wrist. The elbow .joint mechanics of ulnar/humeral 
supination also may account for preparatory movements which 
may cause the difference i~ the release point of the curve 
ball. The arm segment RPOSA: (F = 2. 30). data revealed that 
with the fast ball, the arm was in~lin~d further back of 
release, which was the opposit~ of RPOSH and RPOSF. This 
suggested that the angular position of the arm is not a 
factor when comparing the fast ball with the curve ball at 
release. 
The variable ACCF (F = 8.92, p < .05) was significantly 
greater in the fast ball, but the comparison of the variables 
ACCH (F = 2.64) and ACCA (F = 4.31) showed greater accelera-
tion with the fast ball, but not significantly more than 
the curv~ ball. This difference may indicate that at the 
greatest point of acceleration of the forearm, the curve 
ball's lower acceleration was caused by the forearm's 
preparations for ulnar flexion and the pivot joint action 
of the elbow before release. 
The data for the. variable of BALLVEL (F = 188.88, 
p < .05) showed a significantly greater velocity for the 
fast ball. This difference was expected because of the 
nature and purpose of each pit~h. The velocity data with 
a mean of 114 FPS compared with Sakaris (1979) who reported 
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a mean overhand fast ball. velocity of 121.6 FPS. 
The range of the variable BALLVEL for the fast balls 
was 104 to 135 FPS with a mean of· 114.35 FPS, and for curve 
. balls was 81 to 114 FPS with a mean of 93.07 FPS. Selin 
(1959) reported, for college pit~hers, fast ball. velocities 
of 87 to 121 FPS, and curve ball. velocities ranging from 
7 4 to 111 FPS. Slater-H.ammel and Andres (1952) reported 
similar. velocities for fast balls ranging from 95 to 119 FPS, 
and curve ball velocities ranging from 80 to 104 FPS. 
The data for HTREL (F = 3.98) and PANGLE (F = .02) 
showed no significant difference ( > . 05) where a significant 
difference was expected in the null hypothesis. The range 
of the. variable HTREL for the fast ball was 3.ff8 ft. to 
5~55 ft. with a mean of 4.76 ft., and from 4.08 ft. to 
6.07 ft. with a mean of 5~03 ft. for the curve ball. The 
height of release was not sigriific~ntly different as anti-
cipated. The range of PANGLE for the fast ball was -2.80 
to 4.10 deg. with a mean of +.67. For the curve ball the 
range was from -7.00 to +8.40 deg. with a mean of +.45. 
The projection angles were not significantly differ~nt as 
·anticip~ted. 
The data for the va·riables APOSH (F = 1.15) and APOSA 
(F ·= .61) indicated that the segment position angles of 
the hand and arm were ·not sigriific~ntly ( > . 05 )" different. 
The variable APOSF (F = . 50). data. showed that the position 
angle of .the forearm also was. not significantly ( > . 05) 
different. Therefore, it appeared that there is no signi-
ficant difference between the fast b.all and the curve ball 
in· the starting angular position of the three segments. 
The data for the segmental positions at the position 
of maximum acceleration, variables PACH (F = 2.72), PACF 
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(F = 4.45) and PACA (F = .12) showed no significant differ-
ences between the two pitches. 
There were no significant differences found between 
the two pitches with reference to any of the segmental 
velocities at the release point. 
The data for some. variables had large ranges which may . 
have accounted for there being no significant difference 
between the two pitches. These ranges were due to within 
subject differences and the small number of trials of each 
pitch thrown. 
CHAPTER V 
Summary, Conclusions, and Recommendations 
Sununary 
The purpose of this study was to compare fast ball 
pitching performances in terms of selected biomechanical 
components of upper limb motion. Eight subjects were filmed 
with two cine-cameras. Data were acquired by means of ·ten 
trials for each subject; five fast balls and five curve 
balls. 
Coordinate data points were obtained at selected rela-
tive time intervals from the film record, with standard 
film analyzation techniques. The following anatomical points 
were acquired: hip, shoulder, elbow, wrist, and baseball. 
Segmental angular positions, angular velocities, and 
angular accelerations were derived at specific points in 
the performance pattern. These data were subjected to 
a randomized block factorial design analysis of vari-
ance, in order to determine differenc~s between the two 
pitches. 
Within the limits defined in this study, and based on 
the results obtained, it can be stated that: . 
1. Angular positions at the start of the accelera-
tion phase for the hand, forearm, and arm were not found to 
be significantly different between the fast ball and curve 
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ball, therefore, hypotheses one, two, and three were 
accepted. 
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2. The maximum angular acceleration for the forearm 
segment was significantly greater with the fast ball; there-
fore, hypothesis number five was rejected. 
3. Angular acceleration at the maximum level of the 
hand and arm segments were not significantly different 
between the fast ball and curve ball; therefore, hypotheses 
numbers four and six were accepted. 
4. The segmental positions of the hand, forearm, and 
arm at the position of maximum acceleration were not signifi-
cantly different; therefore, hypotheses number seven, eight, 
and nine were accepted. 
5. At release point, the angular positions of the hand 
and forearm segments were significantly different between 
the fast ball and curve ball; therefore, hypotheses number 
ten and eleven were rejected. 
6. At release point the angular position of the arm 
segment was not significantly different between the fast 
ball and curve ball; therefore, hypothesis number twelve 
was accepted. 
7. The angular. velocity of the hand, forearm, and 
arm at release were not sigrfificantly dif.ferent between the 
fast ball and curve· ball; therefore, hypotheses numbers 
thirteen, fourteen, and fifteen were accepted. 
) 
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8. At the release point, the height of release was 
not significantly different between the fast ball and curve 
ball; therefore, hypothesis number sixteen was accepted. 
9. At the release point, the projection angle was 
not. significantly different between the fast ball and curve 
balls; therefore, hypothesis number seventeen was accepted. 
10. At the release point, the linear ball velocity 
was significantlydifferent between the fast ball and curve 
ball; therefore, hypothesis number eighteen was rejected. 
Co.nclusions 
Based on the findings of this study the following 
generaliz~tions can be made: 
1. There are apparently few mechanical differences 
between the mechanical upper limb preparatory actions in 
throwing the fast ball and curve ball. 
2. Preparatory movements, which occur in the elbow 
and wrist prior to curve ball release, cause the forearm 
and hand to be significantly further back at release, than 
at the fast ball release. 
3. The forearm's, speed increases more in the fast 
ball, than in· the curve· ball. 
Recommendatiqns 
From the results obtained and the conclusions made from 
this study, the following recommendations have been suggested: 
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1. A similar study should be done with Little League, 
high school, and professional pitchers to determine if 
similar results occur in different age and ability 9roups. 
2. A study should be conducted which compares kine-
matic variables such as: magnitude of forearm supination/ 
pronation and wrist flexion/radial flexion. 
3. A similar study should be conducted on a comparison 
of the slider and change-up pitches. 
4. A study should be conducted with subjects throwing 
50 to 100 trials each of fast balls and curve balls to 
examine within subject differences that may have caused 
such large ranges in some variables. 
SELECTED REFERENCES 
Blievernicht, D. L. "Multi-Dimensional Timing Device for 
Cinematography." Research Quarterly, 38; 1967, 146. 
Boelter, J. G. ErrRetleob--Error Term in ANOVA. University 
of the Pacific Human Performance-Laboratory, 1983. 
Rathael--Software for Two and Three Dimensional 
Kinematic Analysis. University of the Pacific Human 
Performance Laboratory, 1982. 
Bunn, John W. Scientific Principles of Coaching. Englewood 
Cliffs, N. J., Prentice-Hall, Inc. 1955. 
Collins, Patrica A. "Body Mechanics of. the overarm and 
Sidearm Throws." M.S. Thesis, University of Wisconsin, 
1960. 
Cooper, John M., and Ruth B. Glassow. Kinesiology, 2d ed. 
St. Louis, C.V. Mosby, 1968. 
Hay, James G. The Biomechanics of Sports Techniques. 
Englewood Cliffs, N.J., Prentice-Hall, Inc., 1973. 
Jobe, Frank W., et al. "The Pitching Mechanism in Baseball." 
Unpublished material from the National Athletic Health 
Institute, Inglewood, California. 
Lyon, Williams R. 11 A Cinematographical Analysis of the Over-
hand Baseball Throw. 11 M.S. Thesis, University of 
Wisconsin, 1961. 
Plagenhoff, Stan. Patterns of Human. Motion. Englewood 
Cliffs, N. J., Prentice-Hall, Inc., 1970. 
Quandt, Harlan Harvey. "A Cinematographical Analysis of 
the Palm Ball Pitch Compared to the Fast Ball Pitch 
in Baseball." M.S. University of Wisconsin, 1964. 
Rasch, P. J., and R. K. Burke. Kinesiology and Applied 
Anatomy. Philadelphia, Lea and Febiger, 1978. · 
Sakaris, James D. 11 Biomechanical Analysis of Overhand and 
Sidearm Fastball Pitching Techniques in Baseball. 11 
M.A. Thesis, University of Florida, 1978. 
61 
62 
Sanders, Jack A. "A Practical Application of the Segmental 
Method of Analysis to Determine Throwing Ability." 
P.E.D. Thesis, Indiana University, 1977. 
Scott, G. M. Analys,is . .of .Hum.a.n Mdtion, 2d ed. New York, 
Appleton-Century-:Crofts,· 1963. 
Selin, Carl w. "Analysis of Pitched Baseballs." Research 
Quarterly,· 30 ~ 1959, 232-2.39: 
Slater-Hammel, and Andres. "Velocity Measurements of Fast 
Balls and Curve Balls. 11 .. Rese.arch Quarterly, 23 i 
1952, 95-97. 
Steindler, Arthur. Kinesiology of the Human. Body. Spring-
field, Illinois, Charles C. Thomas Publisher, 1955. 
Tallos, Hugh s. and Joe w. King. "Lesions of the Pitching 
Arm in Adolescents." JAMA 220, 1972. 
Torbell, Terri. "Some.Biomechanical Aspects of the Overhand 
Throw. '.' In Selected Topics. on Biomechani.cs:. Proce.ed-
ings of .the c. I . .c •. Symposium on Biome.chanics, (ed. by 
John W. Cooper). Chicago, The Athletic Institute, 1971. 
Verrvey, Stephen J. "A Cinematographical Analysis of the 
Softball Pitch." M.s. Thesis, University of Wisconsin, 
1960. 
Weisloff, Don. 11 King of Pitches." Athl.etic Journal, 56, 
Feb. 1976. 
Winter, D. A. Biom.echanics of Hum.an 1-iOvement. New York, 
Wiley'· 1979. 
